Direct dating of Quaternary phreatic maar eruptions by luminescence methods
Frank Preusser, Daniel Rufer, Guido Schreurs Table DR1 . Radiocarbon ages for the eruption of Ulmener Maar (calibration by OxCal 4.1.; Bronk Ramsey 2009). *Arithmetic mean and standard deviation, not considering the bulk organic and humid acid based dates published by Büchel and Lorenz (1982 Abbreviations: MFM = Lake Meerfelder Maar; LHM = Lake Holzmaar; OM = (bulk) organic material after removal of humid acids; HA = humic acids, TPM = terrestrial plant macroremains; AMS = accelerator mass spectrometry.
APPENDIX RADIOCARBON DATING

LUMINESCENCE DATING
Sampling, sample preparation and measurement set-up
Samples were taken by forcing steel tubes into the freshly cleaned surface of silty to sandy tephra beds. For Ulmener Maar, the two samples (ULM1, 2) consist of three OSL/IRSL subsamples each (ULM1a-c, ULM2a-c), taken about 10-20 cm apart from each other and sharing the sample used for dosimetric measurements. For Meerfelder Maar, the three samples ). The quartz fraction was etched using 40 % HF for 60 min to remove remaining feldspar contamination and the outer layer of the quartz grains. The purity of the quartz separates was monitored using IR stimulation. For the MER samples, only MER1 yielded sufficient quartz following HF etching. For these samples, the level of IRSL signal is also several orders of magnitude lower than for the ULM and GEI samples. This is probably to be explained by the dominance of fractured slate in the samples (not emitting luminescence signals), caused by lithological differences of the country rock compared to the other sites.
Measurements were done on Risø TL/OSL DA-20 readers using Schott BG39/L.O.T.
Oriel Interference (410 nm) and Hoya U340 detection filters, respectively (for feldspar and quartz). Stimulation was at 30°C for 300 s for feldspar IRSL and at 125°C for 60 s for quartz OSL. Aliquots with a size of 4 mm (quartz) or 6 mm (feldspar) have been used. Mean D e was calculated using the Central Age Model (CAM) (Galbraith et al., 1999) .
The concentration of dose rate relevant elements (K, Th, U) was determined using low-level high-resolution gamma spectrometry. We observed no evidence for radioactive disequilibrium in the U-decay chain. K-feldspar grains were identified optically using a combination of backscattered electron (BSE) imaging and energy dispersive X-ray spectroscopy element mapping (Fig. DR7) . Based on these results (Fig. DR8) , we used an internal K-content of 12.5 ± 0.5% for feldspar (Huntley and Baril, 1997) . Cosmic radiation was calculated for present day burial depth and correction for geographical position (Prescott and Hutton, 1994) . Average sediment moisture of 5 ± 1% was assumedbased on present day moisture and an alpha value of 0.07 ± 0.02 was used for feldspar based on data published for loess from the region (Frechen and Schirmer, 2011) . Figure DR1 . OSL decay curve of sample ULM-1a showing that the initial signal is dominated by the fast component. MER3a-F 10 9 0.11 1.69 ± 0.07 9.39 ± 0.39 2.11 ± 0.08 3.34 ± 0.17 260.63 ± 13.76 77.9 ± 5.7
Signal performance tests
MER3b-F 10 9 0.14 1.69 ± 0.07 9.39 ± 0.39 2.11 ± 0.08 3.34 ± 0.17 275.77 ± 17.96 82.4 ± 6.8
